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Title of the Invention 

Alloy Type Thermal Fuse and Wire Member for a Thermal 
Fuse Element 

5 Background of the Invention 

1 . Field of the Invention 

[0001] 

The present invention relates to an alloy type thermal 
fuse in which the operating temperature belongs to the 
10 range of about 120 to 150°C, and a wire member for such a 
thermal fuse element. 

2 . Description of the Prior Art 

[0002] 

15 An alloy type thermal fuse is widely used as a thermo- 

protector for an electrical appliance or a circuit element, 
for example, a semiconductor device, a capacitor, or a re- 
sistor. 

Such an alloy type thermal fuse has a configuration in 
2 0 which an alloy of a predetermined melting point is used as 
a fuse element, a flux is applied to the fuse element, and 
the flux-applied fuse element is sealed by an insulator. 

The alloy type thermal fuse has the following opera- 
tion mechanism. 

2 5 The alloy type thermal fuse is disposed so as to ther- 
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mally contact an electrical appliance or a circuit element 
which is to be protected. When the electrical appliance or 
the circuit element is caused to generate heat by any ab- 
normality, the fuse element alloy of the thermal fuse is 
5 melted by the generated heat, and the molten alloy is di- 
vided and spheroidized because of the wettability with re- 
spect to a lead conductor or an electrode under the coexis- 
tence with the flux that has already melted. The power 
supply is finally interrupted as a result of advancement of 

10 the division and spheroidization . The temperature of the 
appliance is lowered by the power supply interruption, and 
the divided molten alloys are solidified, whereby the non- 
return cut-off operation is completed. Therefore, it is 
requested that the division temperature of the fuse element 

15 alloy is substantially equal to the allowable temperature 
of an electrical appliance or the like . 
[0003] 

Usually, a low-melting alloy is used as such a fuse 
element. As apparent from a phase equilibrium diagram, an 

2 0 alloy has a solidus temperature and a liquidus temperature, 
and, at the eutectic point where the solidus temperature 
coincides with the liquidus temperature, the alloy is 
changed all at once from the solid phase to the liquid 
phase by heating which causes the alloy to pass the eutec- 

25 tic temperature. By contrast, in a composition other than 
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the eutectic point, an alloy is changed in the sequence of 
the solid phase — > the solid-liquid coexisting phase — > the 
liquid phase, and the solid-liquid coexisting region tem- 
perature width AT exists between the solidus temperature Ts 
5 and the liquidus temperature Tl . Even in the solid-liquid 
coexisting region, there is the possibility that the divi- 
sion of a fuse element occurs, although the possibility is 
low. In order to reduce the dispersion of the operating 
temperature among thermal fuses, it is requested to use an 
10 alloy composition in which the solid-liquid coexisting re- 
gion temperature width AT is as narrow as possible. One of 
conditions imposed on an alloy type thermal fuse is that AT 
is narrow. 

[0004] 

15 In many cases, a fuse element of an alloy type thermal 

fuse is used in the form of a linear piece. In order to 
reduce the size of a thermal fuse so as to comply with the 
recent tendency that appliances are further miniaturized, 
it is sometimes demanded to realize a thin fuse element. A 

2 0 fuse element is often requested to have drawability to a 
small diameter (for example, 400 pm(J> or smaller) . 
[0005] 

In recent electrical appliances, the use of materials 
harmful to a living body, particularly metals such as Pb, 
2 5 Cd, Hg, and Tl is restricted because of increased awareness 
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of environment conservation. Also a fuse element for a 
thermal fuse is requested not to contain such a harmful 
metal . 

[0006] 

5 When alloy type thermal fuses are classified according 

to operating temperature, thermal fuses of an operating 
temperature of 120 to 150°C are widely used. 

As apparent from a phase equilibrium diagram of an In- 
Sn alloy , in an alloy of 85 to 52% In and a balance Sn, the 

10 liquidus temperature is 119 to 145°C. In this range, as 
compared with the range of an alloy composition of 52 to 
43% In and a balance Sn where the liquidus temperature is 
similarly 119 to 145°C, the solidus temperature is higher, 
and hence the solid^liquid coexisting region temperature 

15 width is narrow. Therefore, the alloy of 85 to 52% In and 
a balance Sn satisfies the above-mentioned requirements 
such as that the reduced dispersion of the operating tem- 
perature, the operating temperature in the range of 120 to 
150°C (in a thermal fuse, usually, the fuse element tempera - 

2 0 ture is assumed to be lower by several degrees centigrade 
than the surface temperature, and the operating temperature 
to be higher by several degrees centigrade than the melting 
point of the fuse element) , and environment conservation of 
harmful metal free. 

25 [0007] 



- 5 - 

Usually , In has high ductility, and an alloy contain- 
ing a large amount of In has excessive ductility, so that 
such an alloy is hardly drawn. 

However, an alloy type thermal fuse of an operating 
5 temperature of 120 to 130°C has been proposed in which, as- 
suming that an In-Sn alloy containing In of 70% or less can 
be drawn, an alloy of 70 to 52% In and a balance Sn (the 
lower limit of In is set to 52% in order to suppress dis- 
persion of the operating temperature as descried above) is 
10 used as a fuse element (Japanese Patent Application Laying- 
Open No. 2002-25402) . 

[0008] 

Because of load variations of an appliance, tempera- 
ture variations, or the like, a thermal fuse is subjected 

15 to a heat cycle, and thermal stress is applied to a fuse 
element. In a usual alloy type thermal fuse, however, the 
characteristics of a fuse element is not changed by such 
thermal stress. 

However, the inventors has noted that, when the above- 

2 0 mentioned In-Sn alloy containing In of 52% or more is used 
as a fuse element, a resistance variation of the resistance 
of a fuse element (rise of the resistance) is remarkably 
caused by a heat cycle. This phenomenon is produced by the 
fact that a slip in the interface between different phases 

2 5 in the alloy structure is increased, and such a slip re- 
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peatedly occurs, whereby a change of a sectional area or an 
elongation of the fuse element is caused in an excessive 
manner . 

When such an increase of the resistance occurs, the 
5 temperature of the fuse element is raised by Joule's heat. 
Therefore, a problem is caused in which, when the tempera- 
ture rise is indicated by AT, the fuse operates at a tem- 
perature that is lower than the allowable temperature of an 
appliance by the temperature rise AT, and, when the tem- 
10 perature rise AT is large, a serious operation error may 
occur . 

Summary of the Invention 
[0009] 

15 It is an object of the invention to provide an alloy 

type thermal fuse in which, although a fuse element essen- 
tially comprising an In-Sn alloy is used, the operation 
stability to a heat cycle can be satisfactorily assured, 
and, even when the amount of In is large, a process of 

2 0 drawing to the fuse element at a high yield can be ensured, 
and which has an operating temperature belonging to the 
range of 120 to 150°C. 
[0010] 

In embodiment 1 of the invention, a wire member for a 
25 thermal fuse element has an alloy composition in which 0.1 



to 7 weight parts of one, or two or more metals selected 
from the group consisting of Ag, Au, Cu, Ni, Pd, Pt, and Sb 
are added to 100 weight parts of an alloy of 52 to 85% In 
and a balance Sn . 
5 In embodiment 2 of the invention, the wire member for 

a thermal fuse element is used as a fuse element. In em- 
bodiment 3 of the invention, a heating element for fusing 
off the fuse element is additionally disposed. 

In each of the embodiments, the alloy composition is 
10 allowed to contain inevitable impurities which are produced 
in productions of metals of raw materials and also in melt- 
ing and stirring of the raw materials . 
[0011] 

According to the invention, it is possible to obtain a 
15 wire member for a thermal fuse element in which the liq- 
uidus temperature is 120 to 150°C, which essentially com- 
prises an In-Sn system of a narrow solid-liquid coexisting 
region temperature width (6°C or narrower) , and in which, 
while the melting characteristic is sufficiently main- 
2 0 tained, thermal fatigue and strength are satisfactorily im- 
proved by adding Ag, Au, Cu, Ni, Pt, Pd, Sb, or the like. 
Therefore, it is possible to provide an alloy type thermal 
fuse in which the initial operation characteristic can be 
satisfactorily maintained in heat cycles, an excellent pro- 
25 ductivity can be assured by a high yield of the drawing 



- "8 - 

process of the fuse element, the operating temperature be- 
longs to the range of 120 to 150°C / and dispersion of the 
operating temperature is sufficiently small, and which is 
suitable for environment conservation. 

5 

Brief Description of the Drawings 

Fig. 1 is a view showing an example of the alloy type 
thermal fuse of the invention; 

Fig. 2 is a view showing another example of the alloy 
10 type thermal fuse of the invention; 

Fig. 3 is a view showing a further example of the al- 
loy type thermal fuse of the invention; 

Fig. 4 is a view showing a still further example of 
the alloy type thermal fuse of the invention; and 
15 Fig. 5 is a view showing a still further example of 

the alloy type thermal fuse of the invention . 

Detailed Description of the Preferred Embodiments 
[0012] 

2 0 In the invention, the fuse element basically comprises 

an alloy composition of 52 to 85% In and the balance Sn be- 
cause of the following reason. Since the liquidus tempera- 
ture is 115 to 145°C and the solid-liquid coexisting region 
temperature width is narrow or about 6°C or narrower, the 

2 5 operating temperature of the thermal fuse can be set to 120 
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to 150°C, and dispersion of the operating temperature can be 
set to be small (4 to 5°C or smaller). Moreover, 0.1 to 7 
weight parts of one, or two or more metals selected from 
the group consisting of Ag, Au, Cu, Ni , Pd, Pt, and Sb are 
5 added because of the following reason. An intermetallic 
compound of at least one of these metals and In or Sn hav- 
ing high ductility is produced. Slippage between crystals 
is caused to hardly occur by the wedge effect due to the 
intermetallic compound, the thermal resistance stability to 

10 a heat cycle is ensured, and sufficient strength against a 
drawing process is provided to enable a process of drawing 
to a thin wire of diameter of 300 jjm(|> to be easily per- 
formed. When the addition amount is smaller than 0.1 
weight parts, the effects due to the addition cannot be 

15 satisfactorily attained. When the addition amount is lar- 
ger than 7 weight parts, the rise of the liquidus tempera- 
ture and the increase of the solid-liquid coexisting region 
temperature width are excessive, and the operating tempera- 
ture of the thermal fuse is hardly set to a predetermined 

2 0 temperature belonging to the range of 120 to 150°C. 
[0013] 

In the invention, the fuse element can be produced by 
drawing a base material of an alloy, and used with remain- 
ing to have a circular section shape or with being further 
2 5 subjected to a compression process to be flattened. In the 
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case of a round wire, the outer diameter of the fuse ele- 
ment is 200 to 600 fjm<j>, preferably, 250 to 350 jmri(|>. 
[0014] 

The invention may be implemented in the form of a 
5 thermal fuse serving as an independent thermoprotector . 
Alternatively, the invention may be implemented in the form 
in which a thermal fuse element is connected in series to a 
semiconductor device, a capacitor, or a resistor, a flux is 
applied to the element, the flux-applied fuse element is 
10 placed in the vicinity of the semiconductor device, the ca- 
pacitor, or the resistor, and the fuse element is sealed 
together with the semiconductor device, the capacitor, or 
the resistor by means of resin mold, a case, or the like. 
[0015] 

15 Fig. 1 shows a tape-like alloy type thermal fuse ac- 

cording to the invention. In the fuse, strip lead conduc- 
tors 1 having a thickness of 100 to 200 pm are fixed by an 
adhesive agent or fusion bonding to a plastic base film 41 
having a thickness of 100 to 300 pm. A fuse element 2 hav- 

2 0 ing a diameter of 250 to 500 pm<|) is connected between the 
strip lead conductors . A flux 3 is applied to the fuse 
element 2 . The flux-applied fuse element is sealed by 
means of fixation of a plastic cover film 42 having a 
thickness of 100 to 300 pm by an adhesive agent or fusion 

2 5 bonding . 
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[0016] 

Fig. 2 shows a fuse of the cylindrical case type. A 
low-melting fusible alloy piece 2 is connected between a 
pair of lead wires 1 . A flux 3 is applied to the low- 
5 melting fusible alloy piece 2 . The flux-applied low- 
melting fusible alloy piece is passed through an insulating 
tube 4 which is excellent in heat resistance and thermal 
conductivity, for example, a ceramic tube. Gaps between 
the ends of the insulating tube 4 and the lead wires 1 are 
10 sealingly closed by a cold-setting sealing agent 5 such as 
an epoxy resin. 
[0017] 

Fig. 3 shows a fuse of the radial case type. A fuse 
element 2 is bonded between tip ends of parallel lead con- 
15 ductors 1 by welding. A flux 3 is applied to the fuse ele- 
ment 2 . The flux-applied fuse element is enclosed by an 
insulating case 4 in which one end is opened, for example, 
a ceramic case. The opening of the insulating case 4 is 
sealingly closed by a sealing agent 5 such as an epoxy 
2 0 resin. 

[0018] 

Fig. 4 shows a fuse of the substrate type. A pair of 
film electrodes 1 are formed on an insulating substrate. 4 
such as a ceramic substrate by printing of conductive paste 
25 (for example, silver paste) . Lead conductors 11 are con- 
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nected respectively to the electrodes 1 by welding or the 
like. A fuse element 2 is bonded between the electrodes 1 
by welding. A flux 3 is applied to the fuse element 2. 
The flux-applied fuse element is covered by a sealing agent 
5 5 such as an epoxy resin . 
[0019] 

Fig. 5 shows a fuse of the radial resin dipping type. 
A fuse element 2 is bonded between tip ends of parallel 
lead conductors 1 by welding. A flux 3 is applied to the 
10 fuse element 2. The flux-applied fuse element is dipped 
into a resin solution to seal the element by an insulative 
sealing agent such as an epoxy resin 5. 
[0020] 

The invention may be implemented in the form in which 
15 a heating element is additionally disposed on the alloy 
type thermal fuse, for example, a film resistor is addi- 
tionally disposed by applying and baking resistance paste 
(e.g., paste of metal oxide powder such as ruthenium ox- 
ide) , a precursor causing abnormal heat generation of an 
2 0 appliance is detected, the film resistor is energized to 
generate heat in response to a signal indicative of the de- 
tection, and the fuse element is fused off by the heat gen- 
eration . 

In this case, the heating element is disposed on the 
25 upper face of an insulating substrate, and a heat-resistant 
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and thermal-conductive insulating film such as a glass 
baked film is formed on the heating element. A pair of 
electrodes are disposed, flat lead conductors are connected 
respectively to the electrodes, and the fuse element is 
5 connected between the electrodes. A flux covers a range 
over the fuse element and the tip ends of the lead conduc- 
tors. An insulating cover is placed on the insulating sub- 
strate, and the periphery of the insulating cover is seal- 
ingly bonded to the insulating substrate by an adhesive 
10 agent. 

[0021] 

As the flux, a flux having a melting point which is 
lower than that of the fuse element is generally used. For 
example, useful is a flux containing 90 to 60 weight parts 
15 of rosin, 10 to 40 weight parts of stearic acid, and 0 to 3 
weight parts of an activating agent. In this case, as the 
rosin, a natural rosin, a modified rosin (for example, a 
hydrogenated rosin, an inhomogeneous rosin, or a polymer- 
ized rosin) , or a purified rosin thereof can be used. As 
2 0 the activating agent, hydrochloride of diethylamine , hydro- 
bromide of diethylamine, an organic acid such as adipic 
acid can be used. 
[0022] 

[Examples] 

2 5 The operating temperatures of examples and comparative 
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examples which will be described later were measured in the 
following manner. Fifty specimens which were of the sub- 
strate type were used. Each of the specimens was immersed 
into an oil bath in which the temperature was raised at a 
5 rate of l°C/min., while supplying a current of 0 . 1 A to the 
specimen. The temperature of the oil when the current sup- 
ply was interrupted by blowing-out was measured. 

With respect to the change in resistance of a fuse 
element caused by heat cycles, 50 specimens were used, and 

10 judgment was made by measuring a resistance change after a 
test of 500 heat cycles in each of which specimens were 
heated to 110°C for 30 minutes and cooled to -40°C for 30 
minutes. Thereafter, examples in which no resistance 
change was observed were judged © , those in which a resis- 

15 tance change of a small degree was observed (the resistance 
after heat cycles was not larger than 1.5 times that before 
the heat cycles) were judged O, those in which a resistance 
change of a large degree was observed (the resistance after 
heat cycles was not smaller than 1 . 5 times that before the 

20 heat cycles) were judged A, and those in which the resis- 
tance change was ao were judged x . 
[0023] 

[Example 1] 

A base material of an alloy composition in which 0 . 4 
2 5 weight parts of Ag were added to 100 weight parts of 65% In 
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and the balance Sn was drawn into a wire of 300 |jm<|) in di- 
ameter. The draw-down ratio per dice was 6.5%, and the 
drawing speed was 45 m/min. In the wire, no breakage oc- 
curred . 

5 The wire was cut into pieces of 4 mm, and small sub- 

strate type thermal fuses were produced with using the 
pieces as fuse elements. A composition of 80 weight parts 
of rosin, 20 weight parts of stearic acid, and 1 weight 
part of hydrobromide of diethylamine was used as a flux. A 

10 cold-setting epoxy resin was used as a covering member. 

The operating temperatures of the resulting specimens 
were measured. The resulting operating temperatures were 
within a range of 126°C ± 1°C, and the dispersion of the 
temperature was sufficiently small . 

15 A heat cycle test was conducted, and the evaluation 

result was ©. 
[0024] 

[Example 2] 

A base material of an alloy composition in which 4 
2 0 weight parts of Ag were added to 100 weight parts of 65% In 
and the balance Sn was drawn into a wire of 300 ixmfy in di- 
ameter. The draw-down ratio per dice was 6.5%, and the 
drawing speed was 45 m/min. In the wire, no breakage oc- 
curred . 

2 5 The wire was cut into pieces of 4 mm, and substrate 
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type thermal fuses were produced in the same manner as Ex- 
ample 1 . 

The operating temperatures of the resulting specimens 
were measured. The resulting operating temperatures were 
5 within a range of 124°C ± 1°C, and the dispersion of the 
temperature was sufficiently small . 

A heat cycle test was conducted, and the evaluation 

result was © - 
[0025] 

10 [Examples 3 to 6] 

Base materials of alloy compositions listed in Table 1 
were drawn into wires of 300 |im(|> in diameter. The draw- 
down ratio per dice was 6.5%, and the drawing speed was 45 
m/min. In the wires, no breakage occurred. 

15 The wires were cut into pieces of 4 mm, and substrate 

type thermal fuses were produced in the same manner as Ex- 
ample 1 . 

The operating temperatures of the resulting specimens 
were measured. The resulting operating temperatures are 
20 listed in Table 1. In all of the examples, the dispersion 
of the temperature was sufficiently small . 

A heat cycle test was conducted, and the evaluation 
results are listed in Table 1. 



25 



Table 1 







- 17 - 








Ex. 3 


Ex. 4 


Ex . 5 


Ex. 6 


In (weight part) 


52 


52 


70 


70 


Sn (weight part) 


48 


48 


30 


30 


Ag (weight part) 


0.4 


4 


0.4 


4 


Operating tem- 
perature (°C) 


1 1 Q O -1- 1 

ny . u ± l 


Ho . U ± 1 


too r\ _i_ i 
1 Z o . U ± 1 


12 7 . 0 ± 


Evaluation of 
heat cycle test 


© 


@ 




© 



[0026] 

[Examples 7 to 12] 
Base materials of alloy compositions listed in Table 2 
5 were drawn into wires of 300 [im(|) in diameter. The draw- 
down ratio per dice was 6.5% , and the drawing speed was 45 
m/min. In the wires, no breakage occurred. 

The wires were cut into pieces of 4 mm, and substrate 
type thermal fuses were produced in the same manner as Ex- 
10 ample 1. 

The operating temperatures of the resulting specimens 
were measured. The resulting operating temperatures are 
listed in Table 2. In all of the examples, the dispersion 
of the temperature was sufficiently small . 
15 A heat cycle test was conducted, and the evaluation 

results are listed in Table 2 . 
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Table 2 





Ex. 7 


Ex. 8 


Ex. 9 


Ex. 10 


Ex. 11 


Ex. 12 


Xn (weight part) 


52 


52 


65 


65 


70 


70 


Sn (weight part) 


48 


48 


35 


35 


30 


30 


Au (weight part) 


0.4 


4 


0.4 


4 


0.4 


4 


Operating tem- 


119.0 


118.0 


126.0 


124.0 


128.0 


127.0 


perature (°C) 


± 1 


± 1 


± 1 


± 2 


± 1 


± 2 


Evaluation of 


® 




© 


© 


© 


© 



heat cycle test 
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5 [Examples 13 to 18] 

Base materials of alloy compositions listed in Table 3 
were drawn into wires of 300 |am<j> in diameter. The draw- 
down ratio per dice was 6.5%, and the drawing speed was 45 
m/min. In the wires, no breakage occurred. 
10 The wires were cut into pieces of 4 mm, and substrate 

type thermal fuses were produced in the same manner as Ex- 
ample 1 . 

The operating temperatures of the resulting specimens 
were measured. The resulting operating temperatures are 
15 listed in Table 3. In all of the examples, the dispersion 
of the temperature was sufficiently small. 
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A heat cycle test was conducted, and the evaluation 
results are listed in Table 3 . 

Table 3 





Ex. 13 


Ex. 14 


Ex. 15 


Ex. 16 


Ex. 17 


Ex. li 


In (weight part) 


52 


52 


65 


65 


70 


70 


Sn (weight part) 


48 


48 


35 


35 


30 


30 


Cu (weight part) 


0.4 


4 


0.4 


4 


0.4 


4 


Operating tem- 


119.0 


121.0 


126.0 


128.0 


128.0 


130.0 


perature (°C) 


± 1 


± 2 


± 1 


± 2 


± 1 


± 3 


Evaluation of 
heat cycle test 


© 




© 


© 


© 


© 



5 

[0028] 

[Examples 19 to 24] 
Base materials of alloy compositions listed in Table 4 
were drawn into wires of 300 |im<|) in diameter. The draw- 
10 down ratio per dice was 6.5%, and the drawing speed was 45 
m/min . In the wires , no breakage occurred. 

The wires were cut into pieces of 4 mm, and substrate 
type thermal fuses were produced in the same manner as Ex- 
ample 1 . 

15 The operating temperatures of the resulting specimens 

were measured. The resulting operating temperatures are 
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listed in Table 4. In all of the examples, the dispersion 
of the temperature was sufficiently small. 

A heat cycle test was conducted, and the evaluation 
results are listed in Table 4 . 

Table 4 





Ex. 19 


Ex. 20 


Ex. 21 


Ex. 22 


Ex. 23 


Ex. 24 


In (weight part) 


52 


52 


65 


65 


70 


70 


Sn (weight part) 


48 


48 


35 


35 


30 


30 


Ni (weight part) 


0.4 


4 


0.4 


4 


0.4 


4 


Operating tem- 


119.0 


121.0 


126.0 


128.0 


128.0 


129.0 


perature (°C) 


± 1 


± 2 


± 1 


± 2 


± 1 


± 2 


Evaluation of 








© 


© 


© 



heat cycle test 
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[Examples 25 to 30] 
10 Base materials of alloy compositions listed in Table 5 

were drawn into wires of 300 jjiruj) in diameter. The draw- 
down ratio per dice was 6.5%, and the drawing speed was 45 
m/min. In the wires, no breakage occurred. 

The wires were cut into pieces of 4 mm, and substrate 
15 type thermal fuses were produced in the same manner as Ex- 
ample 1 . 
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The operating temperatures of the resulting specimens 
were measured. The resulting operating temperatures are 
listed in Table 5. In all of the examples, the dispersion 
of the temperature was sufficiently small . 
5 A heat cycle test was conducted, and the evaluation 

results are listed in Table 5. 

Table 5 





Ex. 25 


Ex. 26 


Ex. 27 


Ex. 28 


Ex. 29 


Ex. 30 


In (weight part) 


52 


52 


65 


65 


70 


70 


Sn (weight part) 


48 


48 


35 


35 


30 


30 


Pd (weight part) 


0.1 


4 


0.4 


4 


0.4 


4 


Operating tem- 


119.0 


120.0 


126.0 


127.0 


128.0 


129.0 


perature (°C) 


± 1 


± 1 


± 1 


± 1 


± 1 


± 1 


Evaluation of 
heat cycle test 


© 


© 


© 


© 


© 


© 



10 [0030] 

[Examples 31 to 36] 
Base materials of alloy compositions listed in Table 6 
were drawn into wires of 300 jim<)) in diameter. The draw- 
down ratio per dice was 6.5%, and the drawing speed was 45 
15 m/min. In the wires, no breakage occurred. 

The wires were cut into pieces of 4 mm, and substrate 
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type thermal fuses were produced in the same manner as Ex- 
ample 1 . 

The operating temperatures of the resulting specimens 
were measured. The resulting operating temperatures are 
5 listed in Table 6. In all of the examples, the dispersion 
of the temperature was sufficiently small. 

A heat cycle test was conducted, and the evaluation 
results are listed in Table 6. 

10 . Table 6 





Ex. 31 


Ex. 32 


Ex. 33 


Ex. 34 


Ex. 35 


Ex. 3< 


In (weight part) 


52 


52 


65 


65 


70 


70 


Sn (weight part) 


48 


48 


35 


35 


30 


30 


Pt (weight part) 


0.4 


4 


0.4 


4 


0.4 


4 


Operating tem- 


119.0 


119.0 


126.0 


126.0 


128.0 


128.0 


perature (°C) 


± 1 


± 2 


± 1 


± 2 


± 1 


± 2 


Evaluation of 




© 


© 


© 


© 


© 



heat cycle test 



[0031] 

[Examples 37 to 42] 
Base materials of alloy compositions listed in Table 7 
15 were drawn into wires of 300 jjm(|) in diameter. The draw- 
down ratio per dice was 6.5%, and the drawing speed was 45 
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m/min. In the wires, no breakage occurred. 

The wires were cut. into pieces of 4 mm, and substrate 
type thermal fuses were produced in the same manner as Ex- 
ample 1 . 

5 The operating temperatures of the resulting specimens 

were measured. The resulting operating temperatures are 
listed in Table 7. In all of the examples, the dispersion 
of the temperature was sufficiently small. 

A heat cycle test was conducted, and the evaluation 
10 results are listed in Table 7. 

Table 7 





Ex. 37 


Ex. 38 


Ex. 39 


Ex. 40 


Ex. 41 


Ex. 4: 


In (weight part) 


52 


52 


65 


65 


70 


70 


Sn (weight part) 


48 


48 


35 


35 


30 


30 


Sb (weight part) 


0.4 


4 


0.4 


4 


0.4 


4 


Operating tem- 


119.0 


122.0 


126.0 


129.0 


128.0 


131.0 


perature (°C) 


± 1 


+ 1 


± 1 


± 1 


± 1 


± 1 


Evaluation of 


© 




© 


© 


© 


© 



heat cycle test 



[0032] 

15 [Examples 43 to 45] 

Base materials of alloy compositions listed in Table 8 



were drawn into wires of 300 |im(J> in diameter. The draw- 
down ratio per dice was 6.5%, and the drawing speed was 45 
m/min. In the wires, no breakage occurred . 

The wires were cut into pieces of 4 mm, and substrate 
type thermal fuses were produced in the same manner as Ex- 
ample 1 . 

The operating temperatures of the resulting specimens 
were measured. The resulting operating temperatures are 
listed in Table 8. In all of the examples r the dispersion 
of the temperature was sufficiently small. 

A heat cycle test was conducted, and the evaluation 
results are listed in Table 8. 

Table 8 





Ex. 43 


Ex . 44 


Ex. 45 


In (weight part) 


52 


65 


70 


Sn (weight part) 


48 


35 


30 


Ag (weight part) 


0.4 


0.4 


0.4 


Pd (weight part) 


0.4 


0.4 


0.4 


Operating tem- 


119.0 


126.0 


128.0 


perature 


± 1°C 


± 1°C 


± 1°C 



Evaluation of 

® © © 

heat cycle test 
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In Examples 43 to 45, it was ascertained that the 
kinds of fine intermetallic compounds with In and Sn are 
increased by the combined addition of Ag and Pd and the 
heat cycle resistance is superior to that in the case of 
5 the single addition . 
[0033] 

[Comparative Example 1] 
A base material of 70% In and the balance Sn was used. 
A drawing process to a wire of 300 pirn)) in diameter was at- 
10 tempted while setting the draw-down ratio per dice to 6.5% 
and the drawing speed to 45 m/min in the same manner as Ex- 
amples. However, wire breakage frequently occurred because 
of excessive ductility. Therefore, a wire of 300 jjm<|> in 
diameter was obtained while the draw-down ratio per dice 
15 was reduced to 4.0%, and the drawing speed was lowered to 
20 m/min. 

In the same manner as Examples , substrate type thermal 
fuses were produced, and a heat cycle test was conducted. 
The evaluation result was A or x . Specimens of x were dis- 
2 0 assembled, with the result that the fuse elements were bro- 
ken. 

[0034] 

[Comparative Example 2] 
A base material of 52% In and the balance Sn was used. 
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A wire of 300 jiiti(|) in diameter was obtained while setting 
the draw-down ratio per dice to 6.5% and the drawing speed 
to 45 m/min in the same manner as Examples . 

In the same manner as Examples, substrate type thermal 
5 fuses were produced, and a heat cycle test was conducted. 
The evaluation result was A or x . Specimens of x were dis- 
assembled, with the result that the fuse elements were bro- 
ken in the same manner as Comparative Example 1. 



